Abstract Human parvovirus B19 (PVB19) is linked to variety of diseases, including erythema infectiosum, transient aplastic crisis, fetal hydrops, cardiomyopathy and, recently, hepatitis and arthritis. Persistence of PVB19 in asymptomatic individuals has been reported in skin, synovium, myocardium and bone marrow. A higher level of PVB19 DNA has been observed in various tissues from cases of disease than in controls. Simultaneously, equal detection of PVB19 DNA has been shown in both cases and controls. Thus, it has become fundamental to study PVB19 DNA persistence in tissues that are unaffected by disease. This will help to better understand PVB19 DNA persistence in symptomatic and asymptomatic individuals and its possible pathogenic role in various diseases. A total of 70 adult autopsies were included and divided into seropositive (SP) and seronegative (SN) groups based on PVB19 IgG. Nested PCR for PVB19 DNA was carried out in myocardium, liver, kidney, and bone marrow. Of the 70 patients, 60 % belonged to the SP group and 40 % to the SN group. Seropositivity ranged from 50 % in the 12 to 20 year old group to 66.7 % in the 61 to 80 year old group. The viral genome was detected in 34.3 % of myocardium, 20 % of bone marrow, 10 % of kidney and 8.6 % of liver samples. There was no significant difference in the persistence rates between the SP and SN groups. The persistence of PVB19 DNA in various tissues ranged from 8.3 % to 36 % in the SP group and 10 % to 30 % in the SN group. The persistence of PVB19 DNA in all the tissues was low, and PVB19 serostatus had no influence on the persistence of PVB19 DNA.
Introduction
Human parvovirus PVB19 (PVB19) is a small, non-enveloped, single-stranded DNA virus [6] . It belongs to the family Parvoviridae, genus Erythroparvovirus, and is the only known parvovirus to infect humans [26] . The virus targets the erythroid progenitors in the bone marrow by binding to the globoside GB4, also known as blood group P antigen. Intense viremia lasts for a few days, followed by production of IgM antibodies, initially followed by IgG antibodies [17] . PVB19 infection is common in childhood, and its seroprevalence has been reported to be 2-21 % in children (1-5 years), 30-40 % in adolescents (15 years), and 40-60 % in young adults (20-40 years) , reaching a maximum in the elderly, with a prevalence of over 90 % [31] .
The common PVB19-related diseases include erythema infectiosum, arthropathy and hydrops fetalis [12] . PVB19 is also known to be involved in diseases such as myocarditis, cardiomyopathy and rheumatoid arthritis. It has emerged as one of the most commonly encountered viral pathogens of dilated cardiomyopathy, which appears to be a late sequela of acute viral myocarditis [7, 11] . Recently PVB 19 has been linked to hepatitis [28] , proliferative glomerulonephritis, and dermatological diseases such as gloves and socks syndrome [31] . According to recent studies, the association of PVB19 with various diseases has been shown by the presence of viral DNA in the affected tissues. However, because PVB19 is a ubiquitous virus, its genome has been reported to be present in some control samples as well [5, 23] . Considering this, the question arises whether myocardial persistence of the PVB19 genome is merely an epiphenomenon or an indication of a latent persistence of the virus, which can then be activated in some individuals by still unknown factors. Recent PCR-based studies have shown that PVB19 DNA may persist in the bone marrow of individuals with serologically documented past PVB19 infection without leading to overt manifestations. Several reports have suggested a pathogenic role for PVB19 in the development of acute hepatitis [9, 10, 13, 30] and fulminant liver failure of unknown pathology [19] . However, whether PVB19 is a pathogenic agent of fulminant liver failure and non-A-E hepatitis or a risk factor accelerating liver dysfunction due to other agents, or alternatively, a bystander with no influence on liver pathology, is still unresolved [29] . Several investigators have attempted to characterize the potential association between PVB19 infection and glomerular disease [18, 27] , although PVB19 DNA has also been detected in seemingly normal control kidneys. Therefore, detection of viral DNA in tissues does not necessarily indicate active viral infection.
There are two theories regarding PVB19 infection and the persistence of its viral genome. On one hand, there are studies that have implicated PVB19 as the cause of a range of diseases by demonstrating a higher viral DNA detection rate in cases of disease than in controls. Another group of studies has found an equal, if not a higher, detection rate in controls when compared to disease cases and thus have contradicted previous results. It is therefore of fundamental importance to obtain information about PVB19 DNA persistence in asymptomatic and symptomatic individuals in order to understand its possible pathogenic role.
The present study was designed to investigate the persistence of parvoviral genome in myocardial tissue, kidney, liver and bone marrow in PVB19-seropositive cases at autopsy, excluding cases of myocarditis and cardiomyopathy, and to determine the correlation between seropositivity and persistence of PVB19 genomic DNA. This would throw light on the possible role of detection of parvoviral genomes in diseases associated with PVB19.
Materials and methods

Study population
A total of 70 consecutive adult autopsy cases were included in the study group, excluding cases of cardiomyopathy and myocarditis. The heart blood was collected during autopsy, and serum was separated and stored at -20°C for PVB19 antibody testing. Based on the result of the parvovirus IgG antibody test, the cases were divided in two groups: cases that were PVB19 IgG positive were classified as the seropositive group (SP), whereas cases that were PVB19 IgG negative were classified as the seronegative (SN) group.
For PCR analysis, fresh tissue samples from both groups, including myocardium (n = 35), liver (n = 35), bone marrow (n = 20), and kidneys (n = 20), were collected and stored at -70°C until testing for PVB19 DNA.
Detection of parvovirus B19 IgG
Parvovirus B19 IgG was detected in serum samples employing a commercially available enzyme-linked immunosorbent assay kit (Novatec, GmBH) following the manufacturer's instruction.
Detection of PVB19 DNA by PCR
All of the tissues of the SP and SN groups were subjected to detection of parvoviral DNA. The DNA was extracted from tissues using a commercially available viral DNA extraction kit (QIAGEN, Hilden, Germany) following the manufacturer's instructions. The extracted DNA was then subjected to nested PCR targeting the NS1 gene as described previously, using the following primers [3, 16] 
Statistical analysis
The PVB19 DNA positivity in different tissues was compared between the SP and SN groups by chi square (v 2 ) test and ANOVA. The correlation between age, sex and PVB19 seropositivity was established using the Spearman correlation coefficient. A P-value of \0.05 was taken as significant. The results were statistically evaluated using SPSS software version 16.0.
Results
The ages of the individuals in the 70 cases ranged from 12 to 75 years, with a mean of 39 years. There were 46 (65.7 %) males and 24 (34.3 %) females, with a male:female ratio of 1.9:1. The most common cause of death was acute or chronic liver disease in 22 patients (17.1 %), followed by acute respiratory distress syndrome (ARDS) and pneumonia in 10 patients (14.3 %) and septic shock in 15 patients (7.1 %). There were only two patients each with a diagnosis of chronic kidney disease and disseminated fungal infection. In the remaining 19 patients (27 %), terminal ischemia and pneumonia was the cause of death.
ELISA
Of these 70 cases, 42 (60 %) were PVB19 IgG seropositive (SP group) and 28 (40 %) were PVB19 IgG seronegative (SN group). The age distribution of cases in the SP and SN groups is shown in Fig. 1 . Most of the patients were below 50 years old (52/70; 74.3 %) and only 18 (25.7 %) patients were above 50 years old.
The seropositivity rate in males was 65.2 % and 50 % in females. The seropositivity showed an increasing trend with increasing age, ranging from 50 % in younger patients (12-20 years) to a maximum of 66.7 % in the 61 to 80 year old group. This indicated increased exposure to PVB19 infection with increasing age. There was no significant correlation between age or sex and seropositivity (p [ 0.05).
PCR analysis
The results of tests for detection of PVB19 DNA in various tissues in the SP and SN groups are summarized in Table 1. PVB19 DNA was detected in a total of 12 of 35 (34.3 %) and 3 of 35 (8.6 %) of myocardial and liver tissues, respectively. Of these, 9 of 25 (36 %) myocardial and 2 of 25 (8.3 %) liver tissues belonged to the SP group. Of the remaining 10 samples each of myocardial and liver tissues, 3 of 10 (30 %) and 1 of 10 (10 %), respectively, belonged to the SN group. The difference between the two groups was not statistically significant (p [
Of the 20 bone marrow samples studied, PVB19 DNA was detected in 4/20 (20 %), of which one belonged to the SP group and three to the SN group. Of these, three cases had signs indicating secondary immunodeficiency, either due to chemotherapy or leukemia.
In the kidney tissues, there was one sample each positive for PVB19 DNA in the SP (1/10; 10 %) and the SN group (1/10; 10 %). Neither of these patients had clinical renal symptoms or signs.
In the SP group, the persistence of PVB19 DNA was highest in the myocardium (36 %; 9/25) followed by bone marrow (10 %; 1/10), kidney (10 %; 1/10), and liver tissues (8.0 %; 2/25), with a total persistence of 18.6 % (13/ 70) in all of the samples.
The PVB19 DNA positivity in various tissues in the SP and SN groups was not found to be statistically significant (p [ 0.05).
Discussion
PVB19 virus infection has been implicated in a wide spectrum of diseases, including myocarditis, cardiomyopathy and rheumatoid arthritis. It has emerged as an important viral pathogen in dilated cardiomyopathy, which is a late sequela of acute viral myocarditis [11] . Recently, PVB19 has also been linked to hepatitis, proliferative glomerulonephritis, and various dermatological diseases [31] . Most studies have suggested a causal link between PVB19 infection and the disease, based on the viral DNA detection by PCR or in situ hybridization. Other studies have demonstrated viral persistence in different tissues such as bone marrow, skin, synovium, liver, brain, and myocardium in immunocompetent, symptomatic and nonsymptomatic individuals [4, 11, 25] . However, data on the serostatus of these patients are scarce and sufficient control populations were rarely included in any of these studies.
We studied the persistence of PVB19 DNA in heart, bone marrow, liver and kidney tissues at autopsy of patients who died of causes other than myocarditis or cardiomyopathy. We also analyzed the sera of these patients for a correlation with serostatus, as there are limited data on the seroprevalence of PVB19. We found seropositivity of 60 % (42/70) for PVB19 IgG antibody. This falls in the range of seroprevalence rates of various population-based studies done in India as well as across the globe [1, 22] . The seroprevalence/positivity rate of PVB19 IgG antibody in adults ranged from a minimum of 37.3 % seen in Malaysia [20] to a maximum of 72 % reported in Germany [22] . However, a study by Abraham et al. from South India found a seroprevalence rate of 70 % among 226 patients [1] . The relatively low seropositivity in our study may be attributed to the small sample size (n = 70) as compared to the previous studies. The variation in the seropositivity status in our study and the previous studies from different geographical regions may be due to the usage of different commercial ELISA kits for PVB19 IgG detection. We used a enzyme-linked immunosorbent assay kit (Novatec, GmBH), which utilizes parvovirus B19 recombinant antigen for detecting virus-specific IgG, whereas PVB19 IgG ELISA kits used in previous studies have employed VP1-VP2 or NS1 epitopes to determine seropositivity [1, 20, 22] . Thus, the different PVB19 antigens used in the ELISA kits and their sensitivity and specificity might be responsible for differences in seropositivity rates in different studies. We observed that the degree of persistence of PVB19 DNA in the myocardium of asymptomatic individuals was not significant. Also there was no significant relationship between PVB19 DNA persistence and age, sex, underlying disease, or PVB19 serostatus. There is only one autopsybased study [23] that showed a significant difference in the persistence of PVB19 DNA between SP and SN cases. In that study, the investigators found high persistence of PVB19 DNA in SP cases (46/48; 96 %) compared to SN cases (0/21). We carried out nested PCR in 25 cases from the SP group and 10 from the SN group in myocardial tissue. Of these 35 cases, PVB19 DNA was detected in 9 (36 %) of the SP group and in 3 (30 %) of the SN group, which was much lower than what has been reported previously. The difference between the SP and SN groups was not statistically significant. This could be due to a variation in the sample size and epidemiological distribution of the virus. Similar to the previous studies, we amplified the NS1 region of PVB19, which is a conserved region and hence widely used for PVB19 genome detection [3, 6, 9, 19] . Limited genetic variation has been reported in PVB19 strains, and therefore some strains may not be detected by commercial PCR assays [5] .
The persistence of PVB19 DNA reported in the literature ranges from 15 % to 85 % in cases of disease and 0 % to 40 % in controls. There are a few studies [2, 14, 15, 21] in which control groups were included to study the persistence of PVB19 DNA in patients with normal LV systolic function and arterial hypertension. The persistence of myocardial PVB19 DNA varied from 7 % to 40 % and 57 %, respectively, in various studies [2, 14, 21] . In comparison, we found 34.3 % PVB19 DNA persistence in our study, which was higher than in other studies and comparable to the persistence in healthy controls i.e. 0-40 %. The difference in persistence of the PVB19 genome in the myocardium could be due to the varying sensitivity limit of the PCR, influenced by the different primers used or due to differences in PVB19 persistence in different populations. In addition, the methods used for detection were also different, with varying range of sensitivity and specificity, and the serostatus of the patients or controls was also not studied. This could be a significant pitfall for studying viral persistence, as PVB19 has been shown to cause persistent infection even in asymptomatic individuals.
There are several reports and case series of persistent PVB19 infection in the bone marrow of immunodeficient patients. The persistence of PVB19 DNA in bone marrow of asymptomatic patients has ranged from 0 %-57 % to 10 %-20 % in different studies. We found 20 % (4/20) PVB19 DNA persistence in bone marrow samples, including one (10 %) in the SP group and three (30 %) in the SN group. This is in accordance with most of the studies done in asymptomatic and immunocompetent patients. We also observed that three of the four patients who were positive for the PVB19 genome in the bone marrow had an underlying disorder capable of causing secondary immunodeficiency. The immunodeficiency in these patients was further established by the fact that these patients were SN, indicating a lack of humoral immunity. Thus, it is suggested that PVB19 DNA does persist in bone marrow of immunodeficient patients, but persistence in immunocompetent individuals is not seen. However, this cannot be confirmed due to the small sample size.
Recently, a possible role of parvovirus B19 in the development of acute hepatitis [8] and fulminant liver failure of otherwise unknown etiology has been described, with a possible negative effect of PVB19 co-infection in cases of chronic hepatitis B and C [24] . The persistence of [24] . We found a low persistence of PVB19 DNA (3/35; 8.6 %) in liver tissue samples, which is in contrast to previous observations. This again could be due to the epidemiological difference in PVB19 infection between the different populations and also needs to be confirmed in a larger study. Our findings showed that the persistence of PVB19 in kidney samples was low. PVB19 DNA was detected in only two out of 20 samples, one from the SP group and one from the SN group. However, Moudgil et al. have reported parvovirus B19 DNA in 25.9 % of normal renal biopsy samples [18] .
In addition, we found the simultaneous presence of PVB19 DNA in liver samples, which may be indicative of a recent PVB19 infection rather than viral persistence. Also, in another two cases there was simultaneous presence of PVB19 DNA in myocardium and bone marrow. This simultaneous presence of PVB19 DNA in more than one tissue in a single case is quite rare and is strongly against the hypothesis of high persistence of PVB19 DNA in asymptomatic individuals. Since there was no simultaneous presence of PVB19 DNA in any tissues samples from the SP group, this statement becomes untrue. Besides, PVB19 IgM antibody assays were not done in our study to test for acute infection. Thus, there is a chance that, in a few cases, the presence of viral DNA was due to recent viral infection rather than the persistence of the viral genome in the respective tissues.
In conclusion, our results showed increasing seropositivity of PVB19 IgG antibody with advancing age, indicting increased exposure to the virus with age.
The overall persistence of PVB19 DNA in asymptomatic individuals ranged from 8.0 % to 36 % in the seropositive group and 10 % to 30 % in the seronegative group. This difference was not significant, and the PVB19 serostatus did not influence the persistence of PVB19 DNA in various tissues. We also suggest that the presence of PVB19 DNA in tissues of patients has to be correlated with the clinical symptoms of the patients before they receive any treatment.
A study with a larger number of samples needs to be carried out to elucidate the role of PVB19 in various diseases.
